Background: Despite well-documented health benefits, adults with a physical chronic condition do not meet the recommended physical activity (PA) guidelines. Therefore, secondary prevention programs focusing on PA are needed. Web-based interventions have shown promise in the promotion of PA behavior change. We conducted a systematic review to summarize the evidence about the effectiveness of web-based PA interventions in adults with chronic disease. Methods: Articles were included if they evaluated a web-based PA intervention and used a randomized design. Moreover, studies were eligible for inclusion if they used a non-or minimal-treatment control group and if PA outcomes measures were applied. Seven articles were included. Results: Three highquality studies were statistically significant to the control group, whereas 2 high-and 2 low-quality studies reported nonsignificant findings. Conclusion: Our best evidence synthesis revealed that there is conflicting evidence on the effectiveness of web-based PA interventions in patients with a chronic disease.
interventions focusing on healthy adults and the chronically ill differ in content. Because PA interventions for healthy adults focus on general PA determinants (eg, health behaviors, time barriers, and social support), 33 interventions for individuals with a chronic disease predominantly address specific PA barriers 34 (eg, pain, fear of hypogelmica, anxiety). To date, no reviews of PA web-based interventions among patients with a chronic disease have been performed. Therefore, the aim of this review is to summarize the effectiveness of webbased PA interventions in patients with a chronic disease.
METHODS

Search Strategy
A computerized literature search was performed using PubMed (1966 to April 2011), CINAHL (1982 to April 2011), Embase (1980 to April 2011) and Cochrane Controlled Trial Register (February 2011).The principal researcher (DB) carried out an initial database search to identify relevant articles. The search strategy consisted of combinations of free text and medical subject heading terms related to PA, the internet, chronic disease, and intervention study. Keywords and medical subject heading terms used in the search were (1) physical activity or physical fitness or motor activity or exercise or physical education or behavior change; (2) AND internet or website or World Wide Web or web-based or internet-based; (3) AND chronic disease or chronic illness or chronic condition; (4) AND intervention or study or randomized controlled trial or clinical controlled trial. The search strategy was formulated in PubMed and adapted for use in other databases. In addition, we hand-searched the reference lists of included studies and other systematic reviews 5, 16, [22] [23] [24] [25] [26] [35] [36] [37] [38] for potential relevant articles.
Inclusion and Exclusion Criteria
Types of Studies. Included studies were randomized controlled trials or controlled clinical trials published in the English or Dutch languages. Types of Participants. Participants older than 18 years with a chronic disease according to the International Classification of Diseases (ICD-10) were included. A chronic disease is defined as a "disease of long duration and generally slow progression." Common chronic disorders include diabetes mellitus, ischemic heart disease, chronic obstructive pulmonary disease, and arthritis. According to current guidelines, obesity (BMI greater than or equal to 30 kg/m2) was considered a chronic disease. 39 Studies focusing on chronic mental illnesses were excluded. Types of Interventions. In this study, we used the classification of Barak et al 16 for the selection of webbased interventions. Eligible web-based interventions were classified as self-guided programs operated through a website to realize PA behavior change. In addition, studies focusing on other behavioral change components (eg, weight reduction or dietary habits) other than PA were also included. Self-guided interventions incorporate minimal human support. Generally, this means that the content is presented in a highly structured format with automatic functions (eg, automatic text messages, automatic e-mail, and noninteractive video) without human support. Studies were excluded if interventions comprised direct human contact (eg, through online counseling, chat, or interactive video communication).
Although studies with additional treatments arms were included (eg, face-to-face sessions), only the effects of minimum human interventions were analyzed. Types of Control Interventions. Only studies in which web-based PA programs were compared with no or minimal treatments were included. Types of Outcome Measures. Only studies with the outcome measure PA were included. There are several subjective (eg, questionnaires, PA diary) and objective (eg, accelerometer, pedometer) methods in measuring PA. All PA measures, either objective or subjective, were included.
Procedure of Inclusion
The procedure of inclusion of studies was based on the recommendations as described by Tulder et al. 40 This procedure consisted of 2 stages. First, titles and abstracts were screened independently by 2 reviewers (DB and CV). Studies were excluded if the title and/or abstract did not meet the inclusion criteria. Second, fulltext articles were reviewed by the same 2 reviewers, and studies were excluded if the content did not meet the inclusion criteria. Subsequently, disagreements regarding article inclusion were resolved with discussion and consensus between the 2 reviewers.
Assessment of Methodological Quality
The methodological quality of all articles was independently assessed by 2 reviewers (DB and CV) using a criteria list, 40 as recommended by the Cochrane collaboration back review group (Table 1) . Several systematic reviews in the area of PA and exercise therapy have used this list.
22, 41 The list of Van Tulder et al 40 contains an 11-point scoring system related to selection bias (3 criteria), performance bias (4 criteria), attrition bias (2 criteria), and detection bias (2 criteria). One performance bias criterion, "care provider blinded," was not considered appropriate for webbased interventions and was omitted from the criteria list. All items from the list (10 items) were scored as "yes" (1 point), "no" (0 points), or "unclear" (0 points). Studies with a score of ≥ 6 out of 10 were judged to be of high quality. Disagreements about the methodological quality between the 2 reviewers were resolved by discussion and consensus.
Data Analysis
Data were extracted by using a predefined data extraction form, with study characteristics (type of study, year of publication), patient's characteristics (number, age, gender, and chronic disease), intervention characteristics (duration, theoretical foundations, description of contents) and pre-and posttest PA outcomes. Wherever possible, we calculated effect sizes for papers in which no effect size was reported. Furthermore, according to Hoehner et al, 58 the net effect for all PA measurements was calculated as relative percent change from baseline. Clinical heterogeneity was assessed by inspecting the type of participants, interventions and outcomes of each study. Owing to the considerable variety of PA measurements, type of PA outcomes, follow-up periods, and intervention duration, results could not be reliably combined. Therefore, we decided to perform a qualitative systematic review instead of a metaanalysis. A best evidence synthesis was performed based on 5 levels of evidence methodological quality of the original studies. Strong (multiple high-quality trials), moderate (low-quality trials and/or one high-quality trial)
and limited (at least one low-quality trial) evidence is detected if more than 75% of the studies find results in the same direction. Findings are considered conflicting if studies report inconsistent results, and no evidence is defined if there are no randomized trials available.
RESULTS
Selection of Studies
The flowchart in Figure 1 gives an overview of the selection procedure. The database (438) and hand search (24) yielded 462 citations. Subsequently, 455 publications were eliminated based on title, abstract, and full text. Ultimately, 7 articles fulfilled the inclusion criteria and were included in this review.
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Methodological Quality Initially, there was disagreement between the reviewers about methodological quality scores in 12 of the 70 (7 × 10) items. After using the consensus method, no disagreement persisted. Table 3 presents the methodological quality of the included studies. Of the 7 studies selected for inclusion, 5 studies were graded as high methodological quality, [42] [43] [44] [45] [46] and 2 were graded as low quality. 47, 48 Considering that concealment in web-based intervention studies is inappropriate, none of the studies met the "blinding of patients" criteria. Several studies revealed incomplete information about "adequate randomization," 42, 46, 47 "concealment of treatment allocation," [42] [43] [44] 47, 48 "blinding of outcome assessment," [43] [44] [45] 47 and "cointerventions avoided or similar." [43] [44] [45] 47 Characteristics of Selected Studies Study characteristics are presented in Table 4 . All studies were published between 2001 and 2010. Of the 7 selected studies, 6 were performed in the United States [42] [43] [44] [45] [46] [47] and 1 in the United Kingdom. 48 Five studies were randomized controlled trials, 42, 43, 45, 46, 48 and 2 studies were randomized controlled pilot studies. 44, 47 Five studies had a 2-arm design, 42, [44] [45] [46] 48 while 2 studies had a 3-arm design 43, 47 in which 2 groups received a different treatment. Regarding the 3-arm studies, distinction between the 2 investigated interventions was the amount of personalized contact between participant and a healthcare provider. A significant number of studies defined eligibility criteria regarding age, baseline PA level, type of disease, and contraindications for PA. Table 5 gives an overview of the selected outcome measures. In all studies, PA behavior was reported as an outcome measure. Although 1 study applied a combination of subjective and objective measurements, 42 the majority of studies used self-reported PA questionnaires only. [43] [44] [45] [46] [47] [48] Included interventions used a variety of PA outcome measures, such as moderate PA, walking, leisure time PA, and PA caloric expenditure. With regard to all included studies, interventions were compared with no (waiting list controls) or minimal (attention controls) treatment. Table 4 shows that the number of participants across the studies ranged from 22-463. The majority of participants were female; the percentage of male participants varied between 10% to 72.2%. The mean age in the sample fluctuated between 38.7-76.2 years. The study population consisted of patients with various disorders, including multiple sclerosis, 45 diabetes mellitus 2, 43,44 metabolic syndrome, 42 physical disabilities, 47 heart failure, 46 and obesity. 48 Four of the 7 studies were addressed to sedentary patients at baseline. [43] [44] [45] 47 The percentage of completes from enrolment to the final follow-up varied between 49.6% 47 and 89%. 45 Table 5 describes a variety of outcome measures and the results from the selected studies. PA pre-and posttest scores are presented for both intervention and control groups. A best-evidence synthesis was performed to summarize the effectiveness of web-based PA interventions.
Characteristics of Study Populations
Characteristics of the Interventions
Effectiveness of Interventions
Three high-quality studies showed significant improvements in PA in favor of the intervention group. 43, 45, 46 Two high-quality trials reported nonsignificant differences in PA scores between intervention and control group, 42 ,44 and 2 low-quality studies also reported nonsignificant differences between groups. 47, 48 Effect sizes ranged from 0.13 42 -0.56. 45 There is conflicting evidence whether webbased PA interventions are effective in patients with a chronic disease. As shown in Figure 2 , the net effect sizes ranged from -5% of minutes a day spent on walking to 185% of meeting 2-3 days of exercise a week.
DISCUSSION
Summary of Main Findings
The current systematic review aimed to summarize the effectiveness of web-based PA interventions targeting patients with a chronic condition. The best-evidence synthesis revealed conflicting results with regard to the effectiveness of web-based PA interventions in patients with a chronic disease. Although no conclusive evidence was found, a trend toward positive effects was identified in favor of the intervention groups. Three high-quality studies ,43,45,46 reported significant effect sizes, and 2 high-42,44 and 2 low-quality studies 47, 48 did not reach statistical significance. Two studies 45, 47 reported medium effect sizes (> 0.3 and < 0.5), while 3 other studies [42] [43] [44] presented small effect sizes (< 0.2).
In the present review we found only 7 eligible studies which met our inclusion criteria. Along with the limited number of studies, sample sizes tended to be small, which reduced the statistical power in our review. Three out of 7 studies 42, 45, 46 included fewer than 60 participants. Recognizing the lack of power, effect sizes were considered to gain insight into trends in the data. It is expected that with larger samples sizes, more between-group comparisons would be statically significant. Another factor that may have contributed to the conflicting evidence is the dropout rates in the individual studies. To illustrate, 2 large-sample-size studies with high drop-out rates (> 50%) reported nonsignificant findings, while 2 smaller studies with low drop-out rates (< 20%) yielded significant results. This review found, in line with others, 25, 49, 50 substantial dropout rates (25.2%).
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Intervention groups suffered slightly more from dropout than the comparison group (27.2% vs 24.1%). Because the success of web-based interventions requires active participation, high dropout rates have been pointed out as a common concern in the field of web-based education. 49, 51 A factor that may have exacerbated dropout rates in our review is the patient characteristics, namely the sedentary participants diagnosed with a chronic disease. Research has indicated that a chronic condition and inactivity decrease the odds of using web-based interventions. 32, 52 Apparently, web-based interventions fail to reach those for whom PA behavior changes are most necessary. Another explanation for the high dropout may be that the intervention content was based on self-directed features with minimum personal contact. Research has suggested that therapeutic involvement may enhance participant engagement. 51, 53 Obviously, the low level of personal contact may have negatively impacted dropout rates because participants are less motivated and feel less obliged to continue. The use of certain "push factors," including automatic e-mails, periodic prompts, selfmonitoring, peer support, and provision of feedback may improve nonusage attrition. 51 Further insights are needed to investigate which of those incentives keep participants engaged and which characteristics (eg, pain, fatigue, or reduced physical performance capacity) are related to dropout. With regard to the methodological quality, 5 studies were rated as high quality, and 2 studies were classified as low quality. Six out of 7 articles were published after 2005. These numbers illustrate the increase use of webbased education in patients over recent years. Although interventions were mostly theory-driven to maintain increased levels of PA, the majority of studies failed to report long-term post-intervention follow-up. Only 1 study 48 demonstrated interventions effects after 1 year. Therefore, future studies require a longer duration of follow-up (>1 year). With respect to the measurements, most studies used self-reported questionnaires. This, however, is in contrast to prior recommendations because questionnaires may lead to recall error, perceived social desirability, and other biases. 54 Subjective measurements tend to overestimate true levels of PA, increase the variance in outcome measures, and subsequently lead to an attenuation of effectiveness. Despite limited evidence, observed results do not automatically imply clinical irrelevance. Contrarily, with respect to other behavior-change approaches, webbased behavior programs have the unique potential to reach large populations. Considering the size of the populations, even small effects may have large public health consequences. Research has shown that even small PA effects can lead to important health benefits. Improvement in PA appears, particularly in older and atrisk populations, to be important to maintain functional independence. 55 This provides support for more development and extensive implementation. To our knowledge, this literature study differs from previous systematic reviews [22] [23] [24] [25] [26] in the following ways. Firstly, to enhance clinical validity, this review focused on self-help programs delivered through websites. Whereas previous reviews focused on internet interventions combined with therapeutic (online) counseling, we focused exclusively on self-help interventions with minimum therapeutic involvement. Secondly, included interventions were mainly developed to reinforce PA. Thirdly, to avoid heterogeneity of exposure among participants in the control group, content of the control groups concerned no or minimal treatment. Lastly, while other reviews included predominantly healthy persons, we focused solely on chronically ill patients.
LIMITATIONS OF STUDY
This review was limited by the small number of studies and heterogeneity in outcome measures and follow-up time. Therefore, we decided to conduct a bestevidence synthesis. A best-evidence synthesis is less sensitive than meta-analysis. Another limitation is that 3 included studies 43, 46 ,48 evaluated a multicomponent intervention (eg, a combination of physical activity and nutrition). Therefore, it is hard to determine with certainty whether the PA components were the actual determinants of the PA behavior change. Furthermore, we only considered English and Dutch studies and excluded dissertations and other gray literature. Therefore, it is possible that this review is not a complete representation of all available evidence.
Implications for Future Research
Although a trend toward positive effects was identified in favor of the intervention groups, our best evidence synthesis revealed that there is conflicting evidence on the effectiveness of web-based PA interventions in patients with a chronic disease. Studies in this review suffered from high drop-out and nonusage rates. Eysenbach calls this phenomenon "the law of attrition." 51 Therefore, it is advised that future interventions integrate more push factors (eg, automatic e-mails, weekly new content, short text messages) to improve study and program compliance. Website interventions to promote PA among the chronically ill are still in the preliminary stages of development. There is a need for more published studies in this research area. Based upon this review, future research should (1) design more interventions specifically for patients with a chronic disease and low PA level, (2) explore which components reinforce adherence to web-based PA interventions, (3) use objective measures of PA, and (4) incorporate larger sample sizes to achieve sufficient statistical power. Moreover, future studies need to reach consensus on PA measures and should use a combination of validated questionnaires with objective measures to obtain the best results. Lastly, although not investigated in this review, issues related to access and disparities need to be better understood. Automated self-help intervention may contribute, in technical sense, to a reduction of health disparities worldwide. However, in practice, health education through the internet is predominantly used by well-educated and informed people who are already privileged in terms of health and healthcare utilization. 55 Therefore, more research is needed to reach those who need the most care.
